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Macrocyclic ligands bearing pendant donor arms have attracted considerable attention in recent years owing to their potential applications in catalysis, metal ion recognition, solvent extraction, mimicry of enzymes and radionuclide therapy. 1 A particularly large range of macrocycles are derived from triaza or tetraazamacrocycles. However, less is known about N-functionalized derivatives of binucleating polyazamacrocycles. 2 As a part of our research, we are interested in polyamine macrocycles with a large number of nitrogen atoms substituted with several pendant-arms. 3 However, macrocyclic ligands incorporating nitrogen and sulfur in their framework are not as numerous, and reviews including macrocycles with sulfur are not common in the literature. 4 Furthermore, in the field of transition metal complexes with different macrocyclic ligands, we have previously reported the synthesis, characterization, and study of cobalt(II), copper(II) 5 and nickel(II) 6 complexes with the potential octadentate sulfur-and nitrogen-containing macrocyclic ligand Py 2 N 4 S 2 (L'), 7 which has the capability of forming dinuclear complexes (Scheme 1).
During the recent years, we have also been involved in the investigation of several acyclic and macrocyclic ligands bearing two 8 and four 9 pendant-arms as naphthalene. It is well known that the coordination ability of these ligands increases when the macrocycles incorporate chelating moieties such as phenanthroline 10 and pyridine 11 as unit heads.
In the present work we have combined the good coordination capability towards metal ions shown by ligand L' with the introduction of four emissive flexible naphthylmethylene pendant-arms to study their photophysical properties in organic solution. We therefore, report what is, to our best knowledge, the first example of a pendant armed derivative of the binucleating macrocyclic ligand Py 2 N 4 S 2 (L in scheme 1).
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Scheme 1. Synthetic pathway of macrocyclic ligand L.
Ligand L was isolated as an air-stable brown solid in 68% yield and was characterized by elemental analysis, ESI-MS, IR and 1 H NMR spectroscopy (see Supporting Information). 13 The infrared spectrum (KBr disc) of L contains three bands at 854, 818 and 752 cm -1 , corresponding to the ν(C-H) out of the plane bending vibrations for β-substituted naphthalenes. The other absorption bands corresponding to ν(C=N) and ν(C=C) vibrations from pyridine groups appear in their expected positions at 1589 and 1454 cm -1 , respectively. The ESI-MS of L presents a peak at m/z 1007 and another at 504 confirming the presence of the ligand. The 1 H NMR spectra confirms the integrity and stability of the ligand in solution. The spectrum shows that the four quadrants of the macrocyclic ligand are chemically equivalent, as it would be expected for this kind of system. The 1 H-NMR spectrum at room temperature gives to unresolved broad signals, by reducing the temperature to 0°C the signals appearing at higher field are better resolved.
The . The IR spectra of the complexes are similar. The vibrations ν(C=N) and ν(C=C) for pyridine groups appear to higher wavenumbers, suggesting pyridine nitrogen coordination to the metal atoms. The bands corresponding to the naphthalene groups are also slightly shifted to higher wavenumbers. The IR spectra of the nitrate complexes show an intense band at 1384 cm -1 , suggesting the presence of ionic nitrate groups. 15 This result is probably due to the displaced by the Br -ion of the KBr disc. In the perchlorate complexes, the intense band at ca. 1110 cm -1 is associated with ν(ClO 4 -)and these clearly identify the ionic perchlorate groups.
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The MALDI mass spectra for all the complexes indicate the presence of the macrocyclic ligand and the metal ion. The results for the dinuclear complexes of Ni 2+ provide important evidence to confirm the 2:1 stoichiometry of the complexes as they feature peaks attributable to the species [Ni 2 LX 3 ] + . The molar conductance values for the complexes of L, measured at room temperature using acetonitrile as solvent, showed the presence of ionic counterions, since they are in the range reported for solvents for 2:1 electrolytes.
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The absorption, emission and excitation spectra of L in CH 2 Cl 2 and at 298 K are presented in Figure 1 . 18 The absorption spectrum of ligand L displays the characteristic absorption band of the naphthalene chromophore with absorption in the spectral range of 220 nm to 330 nm, formed by two electronic transitions the 1 L a and 1 L b bands, and maxima at ca. 272 nm. For naphthalene in non-polar solvents the absorption maximum is at 276 nm 19 and its 1 A 1 L b transition at ~310 nm. As shown in Figure 1 , the absorption spectrum of chemosensor L in dichloromethane shows these characteristic bands with, however, some energetic shifts: 272 nm and for the forbidden 1 A 1 L b at ~340 nm.
The emission spectrum of chemosensor L displays again the characteristic spectrum of the naphthalene monomer, with maxima at ~338 nm, (for naphthalene, Np, the literature data indicates a wavelength maxima at 322 nm) with a shoulder at ~390 nm suggesting the presence of an excimer. 20 The excitation spectrum collected in the monomer emission band (325 and 340 nm) matches the absorption spectrum. However, one interesting feature comes when the excitation spectrum is collected at 410 nm, i.e., in the emission region of the excimer. It can now be observed that besides the match between the monomer band (at ~272 nm) a new band ranging between 320 and 390 nm is now obtained. This band most likely mirrors the fact that the interaction between the Np chromophores is occurring in the ground state, i.e., we are in the presence of ground state dimmers.
Further knowledge on the species present in solution comes from time-resolved data. We have obtained the fluorescence decays of ligand L in dichloromethane with λ exc = 282 nm and λ em = 325 and 450 nm (without degassing the solutions, i.e., in the presence of oxygen). These are therefore experimental conditions where we are exciting both the monomer and also the (possible) dimer existing in the ground state (see Figure 2) .
The decays are best fitted with a sum of two exponentials with decay times of 1.8 ns and 6.6 ns, which mirrors the fact that we are in the presence of two species, according to Equation 1 to 3. Indeed the absence of a rising component (usually associated with a negative pre-exponential factor) at 450 nm shows that the long emission band is likely to be due to a ground state dimer rather than to an excited dimer (excimer).
Based on the bi-exponential nature of the decays, with absence of rising component and of the relatively invariance of the pre-exponential factors at the two emission wavelengths (the fluorescence decays are identical at the two emission wavelengths) we have faced a difficulty in the attribution of the decay times to each one of the species: monomer and dimer. with  1 = 1.8 ns and  2 = 6.6 ns, a 1,1 = 0.732, a 1,2 = 0.268, a 2,1 = 0.799 and a 2,2 = 0.201.
Nevertheless the shorter component has a contribution of 42 % to the total emission contribution at 325 nm whereas it increases to 51 % at 450 nm. The longer (6.6 ns) component decreases its contribution from 58 % to 49 % upon going from 325 nm to 450 nm. From the emission spectra, it can be seen that the dimer has a higher contribution at longer emissions (> 400 nm). This together with the fact that at 325 nm (an emission region where the monomer emission is likely to be dominant) the 6.6 ns component contributes more suggests that the shorter component should be identified with the dimer lifetime and the longer with the monomer.
Therefore there is a ground-state equilibrium involving a monomer and dimer which are simultaneously excited at 282 nm leading to the emission of these two species. 18 No changes were observed in the A C C E P T E D M A N U S C R I P T
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Submitted to Elsevier Science 4 absorption and emission spectra of L in dichloromethane as a function of increasing amounts of HBF 4 at room temperature, but different behaviour was observed after the addition of tetrabutylammonium hydroxide (see Figure 3) . Figure 3 shows the absorption and emission spectra of L in dichloromethane as a function of increasing amounts of [(Bu) 4 N]OH at room temperature. The inset of Figure  3A shows how, at 289 nm (which is not the absorption maximum), the absorbance increases with the number of equivalents of base added to the solution, stabilizing after the addition of two hydroxyl equivalents. Figure 3B shows the deprotonation effect in the fluorescence intensity. In the inset, the emission band at 339 nm, attributable to the naphthalene, decreases in intensity with basification until the fourth hydroxyl equivalent is added. The decrease in intensity can be attributed to the photoinduced electron transfer quenching of the naphthalene emission. 21 The inset of Figure 3B also shows how the intensity of the dimer band at 426 nm increases with the addition of OH -. , Hg 2+ and Ag + several metal titrations followed by absorption and emission were performed. All complexation studies have been performed in dichloromethane.
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As an example, Figure 4 depicts the absorption and emission spectra of a dichloromethane solution of L in the presence of increasing amounts of Hg(CF 3 SO 3 ) 2 Figure 4A) is not affected by complexation. The inset shows the normalized fluorescence intensity at 339 nm (monomer emission). Upon addition of 2 equiv. metal ion, the monomer emission decreases; and at the same time, in all cases, the red-shifted band now seen to be centred at ca. 426 nm increases in intensity. This result suggests that coordination to the metal ion increases the level of ground-state dimer absorption and therefore the level of dimer emission. , the formation of the mononuclear complex is observed. The free ligand presents two emission bands which are related to the monomer naphthalene emission and a red-shifted band attributable to ground state dimers (interaction between two naphthalene chromophores), which was further validated from time-resolved data, with bi-exponential decay with absence of dynamic components. UV-Vis spectroscopy has revealed a 2:1 binding stoichiometry for Co The photophysical properties of the free ligand L and their complexation behaviour have been investigated in organic solution. 
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